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Therefore, even after one complete sound wave there 
will be already a clearly marked selection of the 
“ in-tune ” group of resonators. 

Taking now the physiological effects into con¬ 
sideration, the threshold factor will definitely rule 
out all amplitudes below a certain value, so that 
after a, certain number of sound waves have entered 
the ear the amplitude of the “ in-tune ” resonators 
will be the first to rise above the threshold and will 
cause impulses to pass up the auditory nerve. A 
little later a larger number of resonators will have 
reached amplitudes above the threshold, so that there 
should be a gradual increase in the number of reson¬ 
ators in active response, until the full steady value 
is reached. Calculation shows that the “ in-tune ” 
resonator should attain go per cent, of its final ampli¬ 
tude in eight vibrations. On the resonance theory 
one would therefore expect a gradual rise in the sound 
intensity occurring in a time interval of the order of 
10-20 vibrations of the incoming sound waves ( i.e. 
1/25-1/12 sec. for middle C), and not a fall as Mr. 
Ackermann has suggested in his letter. It would 
seem that this effect is responsible for the absence 
of roughness at the commencement of a tone due 
to the imperception of the transient vibrations of 
“ out-of-tune ” resonators. 

Now if the rise of sound intensity is a gradual one, 
what, it may be asked, is the mode of perception of a 
tone which starts with large amplitude and gradually 
diminishes as it goes on— e.g. a piano note ? In 
such a case it would seem that after a very few 
vibrations, the swings of the resonators must reach 
such an amplitude that their motion is perceived. 
In this case, then, the vibration of “out-of-tune ” re¬ 
sonators makes itself perceived because the auditory 
nerve fibres are taking up responses before there have 
been sufficient incoming sound waves to damp out 
the " out-of-tune " resonators. It would seem to 
be this effect which gives the transient harshness to 
the commencement of a piano note, causing it to 
sound to the ear as if it started with a consonant. 

H. Hartridge. 

King’s College, Cambridge. 


An Experimental Towing-tank used by 
Benjamin Franklin. 

In the “ Calendar of Industrial Pioneers ” in 
Nature, May 6, p. 598, relative to the anniversary 
of William Froude, your correspondent says: “ His 
(Froude) work led to the construction by the 
Admiralty of the experimental tank at Torquay, 
the first of its kind ever built.” 

It will be doubtless interesting to readers of 
Nature to have it brought to their attention that 
Benjamin Franklin in his many and varied investiga¬ 
tions in philosophical subjects investigated, to some 
extent, the difference of' navigation in shoal and 
deep water. In a letter written to Dr. John Pringle, 
May 10, 1768, he gives the results of experiments 
made along these lines. The letter tells of how, 
during a trip with Dr. Pringle in Holland, it was 
brought to their attention that the trecksctmyt in one 
of its trips went slower than usual, due, as the 
boatmen explained, to the water in the canal being 
low. After his return to England, not being entirely 
satisfied with the boatman’s explanation, Franklin 
questioned the Thames river watermen and found 
them all agreeing as to fact, but differing widely in 
expressing the quantity of the difference. He, 
therefore', designed the following experiment, which 
in its nature is a forerunner of the modern towing- 
tank. I quote from his letter : 
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“ I provided a trough of planed boards fourteen 
feet long, six inches wide, and six inches deep in the 
clear, filled with water within half an inch of the 
edge, to represent a canal. I had a loose board, of 
nearly the same length and breadth, that, being put 
into the water, might be sunk to any depth, and 
fixed bjr little wedges where I would choose to have 
it stay, in order to make different depths of water, 
leaving the surface at the same height with regard to 
the sides of the trough. I had a little boat in form 
of a lighter or boat of burden, six inches long, two 
inches and a quarter wide, and one inch and a quarter 
deep. When swimming, it drew one inch water. To 
give motion to the boat, I fixed one end of a long silk 
thread to its bow, just even with the water’s edge ; 
the other end passed over a well-made brass pulley 
of about an inch diameter, turning freely on a small 
axis ; and a shilling w-as the weight. Then, placing 
the boat at one end of the trough, the weight would 
draw it through the water to the other. 

“ Not having a watch that shows seconds, in 
order to measure the time taken up by the boat in 
passing from end to end, I counted as fast as I could 
count to ten repeatedly, keeping an account of the 
number of tens on my fingers. And as much as 
possible to correct any little inequalities in my 
counting, I repeated the experiment a number of 
times at each depth of water, that I might take the 
medium. And the following are the results : 



Water, 
inches deep. 

2 inches. 

4^- inches. 

1st exp. 

IOO 

94 

79 

2nd ,, 

104 

93 

78 

3rd „ 

104 

91 

77 

4th ,, 

106 

87 

79 

5th „ 

IOO 

88 

79 

6 th ,, 

99 

86 

80 

7 th „ 

IOO 

90 

79 

8 th ,, 

IOO 

88 

81 


813 

717 

632 


Medium 101 

Medium 89 

Medium 79 


Paul C. Whitney. 
II.S. Coast and Geodetic Survey, 

Washington, D.C., May 22. 


An Experimental Confirmation of the Kinetic and 
Molecular Theories of Magnetism. 

Curie’s law states that ferromagnetics above the 
critical temperature behave in such a way that the 
susceptibility ( k ) is inversely proportional to the 
absolute temperature (T), in short, that the product 
k . T is a constant. The physical meaning of this 
law is that •when the molecular magnets have 
complete freedom of rotational movements, the 
energy of magnetisation is then only opposed by the 
energy of thermal agitation and, consequently, any- 
given state is a state of equilibrium. 

Below the critical temperature complications intro¬ 
duced by the mutual magnetic actions of the mole¬ 
cules, one on the other, and by the approach to a 
saturation limit have obscured any such simple law. 
It is, however, possible to eliminate, or allow for, the 
effects of these disturbing factors and to make 
experiments, under hysteresis-free conditions, upon 
the variation of susceptibility with temperature. 
Experiments of this kind have been carried out on 
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iron and nickel, and the reduction of the observations 
has now been completed, with the result that the 
Curie law, with certain limitations, is found to 
apply to the ferromagnetic state, and the relation 
k. T = a constant is approximately satisfied, but 
the constant now is of a very different magnitude 
from the former one. There is, however, this simple 
and important relation between the constants in 
the two states—their ratio is the kinetic energy per 
unit of temperature per gram of two degrees of freedom, 
and is thus immediately connected with the gas 
constant R. This result is of importance because it 
shows that the change from the ferromagnetic to 
the paramagnetic state is quantitatively explicable 
as due to the acquisition of the kinetic energy per 
unit temperature required for the two degrees of 
rotational freedom which are effective in controlling 
magnetic susceptibility. 

Thus there is proof from magnetic data alone, 
independently of thermal data, that the change at 
the critical temperature from ferro- to paramagnetism 
is due to the gain of energy associated with two 
degrees of freedom. 

This acquisition of energy-content makes itself 
evident in the increase of specific heat which ferro¬ 
magnetics show at and above the critical temperature, 
and is quantitatively in agreement with the magnetic 
result. 

It is no longer necessary now to assume, as has 
been done, that an immense intrinsic magnetic field 
is the cause of ferromagnetism, although it may 
be convenient to introduce a fictitious magnetic 
field such that it will give rise to energy effects 
equivalent to the energy of two degrees of freedom. 

The results which have been discussed above are 
also a confirmation of the simple view advanced by 
Ewing in his earlier papers on the molecular theory 
of magnetism, in which he suggests that the loss of 
ferromagnetic qualities may be caused by the 
oscillations of the molecular magnets which become 
wider and wider up to the critical temperature, at 
which point they pass from vibration to rotation. 

J. R. Ashworth. 

May 30. 


Molecular .Elotropy in Liquids. 

A very remarkable feature shown by many liquids 
in experiments on the molecular scattering of light 
is that the scattered beam in a direction transverse 
to the primary rays shows a large admixture of 
unpolarised light, the proportion of this to polarised 
light in the scattered beam being several times 
greater than in the case of the same substance in the 
condition of vapour at atmospheric pressure. This 
fact seemed at first very puzzling ; an explanation 
is, however, now forthcoming. A theory of the 
phenomenon has been worked out by the writer 
which not only explains the facts in a simple and 
quantitative manner, but has also pointed out the 
way to further fruitful research. It may be briefly 
indicated as follows : 

The polarised and unpolarised parts of molecularly 
scattered light may be conceived as arising in two 
distinct ways ; the former is a mass-effect arising from, 
the thermal fluctuations of density in the fluid, and 
its magnitude is given by the Einstein-Smoluchowski 
formula 


ff RT /3 
18 ‘ NX 1 


(M 2 -I )V 2 +2)\ 


and as we pass from the condition of vapour to that 
of liquid in which the molecules are more closely 
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packed together, it increases much less than in 
proportion to the increased density. The unpolarised 
part of the scattered light is, on the other hand, a 
molecular effect, and its magnitude increases simply 
in proportion to the number of molecules per unit 
volume. The ratio of unpolarised to polarised part 
of the scattered light should therefore be considerably 
enhanced. This is exactly what is observed. If I, 
and 2l 2 are respectively the polarised and unpolarised 
parts of the transversely scattered light, the ratio 
I 2 /(Ii + I 2 ) may be determined experimentally by 
analysis -with the aid of a double-image prism and a 
nicol. The Table below shows in the second column 
the value of this ratio as determined by Lord 
Rayleigh for certain substances in the state of 
vapour, in the third column the value of the ratio for 
the liquid state at ordinary temperature as calculated 
from the writer’s theory, and in the fourth column 
the value as determined by Mr. K. Seshagiri Rao in 
the present writer’s laboratory. The agreement is 
significant. 

Ratio of Components of Polarisation 


Substance. 

Observed, 

Vapour. 

Calculated, 

Liquid. 

Observed, 

Liquid. 

Ethyl Ether . 

Per cent. 

1-7 

Per cent. 
10*9 

Per cent. 
8-2 

Benzene . 

6*0 

39-8 

39-8 

Chloroform 

3 '° 

18-2 

15-5 


We may also view the matter in another way. 
When a substance is in the state of vapour under 
small pressures, both the positions and orientations 
of its molecules are absolutely at random, and 
assuming the molecules to be selotropic, the degree 
of imperfection of polarisation of the light scattered 
by it may easily be calculated, as has been done by the 
late Lord Rayleigh. On the other hand, in the liquid 
state, the packing of the molecules is so close that 
their ordering in space is no longer at random; but we 
may still, at least in the case of ordinary liquids, 
consider the orientations to be arbitrary without 
serious error, If we take this into account in deter¬ 
mining the resultant effect of the waves scattered by 
the individual molecules, we should be led to the same 
result as has been indicated above. 

The theory put forward has other notable successes 
to its credit. The Einstein-Smoluchowski formula 
indicates that though the density of a liquid 
diminishes with rise of temperature, its scattering 
power should increase and become very large as the 
critical temperature is approached. Similarly, as 
the temperature is increased, the scattering power 
of the saturated vapour should increase much more 
rapidly than in proportion to its density. Accord¬ 
ingly, in both cases, we should expect the polarisation 
of the scattered light to improve steadily with rise of 
temperature and become practically complete as the 
critical temperature of the liquid is approached. 
Experiments with benzene liquid and vapour made 
by Mr. K. R. Ramanathan have quantitatively 
confirmed this prediction. A similar improvement 
in polarisation has also been observed by Mr. V. S. 
Tamma in experiments on the scattering of light in 
binary liquid mixtures as the critical temperature 
for separation into two phases is approached. 

C. V. Raman. 

210 Bowbazar Street, Calcutta, 

May 11, 1922. 
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